Aims: The present study aimed to examine construct validity of the Three-Factor Eating Questionnaire-R18 (TFEQ-R18) and to investigate variables of the following phenomena: cognitive restraint, uncontrolled eating and emotional eating in normal weight women and women with obesity.
INTRODUCTION
Much research exists on improper eating habits in children [1, 2] , adolescents [3] and adults [4] . Eating habits can be disturbed on three levels: cognitive (e.g. knowledge and awareness connected with eating), emotional (e.g. emotions felt while eating) and behavioral (e.g. food choices and meal preparation) [5] . Incorrect eating behavior is associated with both eating disorders and obesity [1, 6, 7] , and an increase in the prevalence of both has recently been observed [8] [9] [10] . Disordered eating habits are associated with specific tendencies -cognitive restraint, uncontrolled eating and emotional eating [4, 5] .
The term 'cognitive restraint' refers to placing restrictions on food, not taking into account the sensations of hunger and satiety [11, 12] . The objective of cognitive restraint is body weight con-trol [5] . This concept applies classic restraint theory, which posits that the use of food restrictions is associated with a higher risk of binge eating and eating in response to negative emotions [13] [14] [15] . The concept of cognitive restraint has been mostly explored in the context of obesity [11, 12] . Existing research provides evidence that cognitive restraint is greater among overweight and obese individuals compared to underweight and normal weight individuals [4, 16] . Overall, the higher the body mass index (BMI) and body fat mass, the stronger the tendency towards these restrictions [16] .
The tendency towards uncontrolled eating is associated with an intake of an excessive amount of food (more than usual) [5] , which is especially present in overweight and obese individuals [17] . Uncontrolled eating refers to perceived hunger -the lesser the sense of control, the greater the difficulty in correctly determining the state of hunger [5] . Moreover, the disinhibition related to eating is associated with BMI [18] . However, two studies reported no difference in uncontrolled eating between people with abnormal body weight (underweight, overweight and obesity) and normal weight [4, 16] .
The concept of emotional eating refers to eating in response to various negative emotions [4, 5] . Food is a regulator of the emotional state experienced by the individual [19] [20] [21] [22] . The term 'emotional eating' was developed on the basis of observation [23] . It was noted that people with obesity have difficulty in distinguishing physiological experience (e.g. hunger) from emotional experience [24] . In the group with obesity, experiencing negative emotions increases the risk of bingeing on food [4, 23, 25] . Similarly, more recent research suggests that the tendency towards emotional eating mediates the relationship between BMI and episodes of binge eating [26] . People with obesity have the highest intensity of emotional eating compared with people who are underweight, overweight and of normal weight [4] ; however, there are also studies that do not support this conclusion [16] . Recent research shows that gender, age and education are related to emotional and uncontrolled eating as well as cognitive restraint [18] . In addition, both body image and nutritional characteristics can be dissimilar in people with normal body weight and obesity [16, 18, 27] . Individuals with normal weight are more satisfied with their body and have a healthier diet compared with those with obesity [3, 6, 16, 18, 27] .
The Three-Factor Eating Questionnaire (TFEQ) [17] is a measure of human eating behavior assessing cognitive restraint, disinhibition and hunger. The first version of the TFEQ contains 51 items; it was further modified by Karlsson et al. [5] who, basing on factor analyses on obese samples, abbreviated the measure to 18 items and re-conceptualized the disinhibition as uncontrolled eating and hunger as emotional eating. The abbreviated version was also successfully tested within the normal weight population [4, 27] , which suggests that the three-factor structure is not determined by BMI.
There have been numerous studies investigating the psychometric proprieties of the TFEQ over the past decade. The TFEQ was adapted to Swedish [5] , French [27] , Finnish [4] , Greek [28] , Malay [29] , Spanish [16] and German [30] .
Although differences in various BMI groups have often been investigated [4, 27, 31] , suggesting that the obese population scores significantly higher, those comparisons were not methodologically justified. To compare two or more different groups, it is necessary to establish measurement invariance which informs whether individuals from compared groups understand the questionnaire in the same way (i.e. whether the number of factors is the same, whether the loadings on these factors are similar, and whether the error variances are equal). As these questions were not addressed in existing research [4, 27, 31] , we aimed to fill this gap. In general, there are four levels of measurement invariance: configural, which informs whether factor structures are similar across groups; metric, which informs whether factor loadings are similar; scalar, which informs whether intercepts are equal; and strict, which informs whether residual variances are equal across groups [32] . In terms of practical utility, establishing metric invariances allows comparison of correlates of the construct of interest across groups; scalar invariance allows comparison of latent mean scores of the construct; and only strict measurement invariance allows comparison of mean scores [33] . In a common factor model, each item is composed of two uncorrelated components: factor loading, which represents observed variance, and residuals, which represent measurement error variance. If those errors are non-invariant across compared groups, it is impossible to assess whether the significance of observed differences is due to real differences or due to measurement error. Although it is not necessary to assess a strict measurement invariance since a scalar invariance allows for meaningful latent mean score comparisons [34] (where, owing to structural equation modeling, measurement error is calculated and latent variables more adequately represent constructs of interest than a simple summarized mean score), it is still important information that helps interpret past and ongoing studies.
In the present study, we aimed to examine the construct validity of the TFEQ-R18 and to evaluate cognitive restraint, uncontrolled eating and emotional eating in normal weight women and women with obesity.
MATERIALS AND METHODS

Participants
The study involved 237 participants aged 18-51. The group comprised 200 females with normal weight (from 18.5 to 24.99) and 37 females with obesity (BMI ≥ 30). The mean age of the first group was 24.56 years (SD = 7.59) and of the second 32.46 years (SD = 15.85). The average BMI in the normal weight group was 21.39 (SD = 1.81) and in the group with obesity 34.08 (SD = 3.66). The last socio-demographic variable was education. Detailed information is presented in Table 1 . Also, all participants assessed their eating behavior. Detailed information is presented in Table 2. We carried out our study in a number of Polish institutions located in the Silesia and Mazovia regions (e.g. university, company, hospital) from January to March 2016. Inclusion criteria were as follows: age between 18 and 60 years, normal weight for first group (BMI from 18.5 to 24.9) and BMI greater than 30 for the second group (as this is the principal cut-off point for obesity according to the WHO's classification), and a written consent to participate in research. Having no eating disorder diagnosis was an exclusion criterion.
Informed consent was obtained from all individuals included in the study. The study was approved by the local ethics committee (no. WKEB31/01/2016).
MEASURES
The TFEQ-R18 is a brief measure of eating behaviors, covering cognitive restraint of eating, uncontrolled eating and emotional eating. It comprises 17 items rated on a four-point Likert scale and an additional item to rate, on an eight-point Likert scale, how often respondents restrain their eating. For the purpose of analysis, we recoded that item into four categories (responses 1 and 2 were recoded into 1; 3 and 4 into 2; 5 and 6 into 3; and 7 and 8 into 4). The reliability estimates for each scale were excellent: α C ognitive R estraint = 0.78, α U ncontrolled E ating = 0.84, and α E motional E ating = 0.86.
STATISTICAL ANALYSES
In order to compare results between the group within a normal weight range and the obese group, we conducted multi-group confirmatory factor analysis (MGCFA). Before MGCFA, we assessed the structure of the measure in both groups using confirmatory factor analysis (CFA). In evaluating measurement invariance fit, we followed stringent criteria for unequal groups proposed by Chen [35] . The configural model should be well fitted to the data (i.e. CFI > 0.900; root mean square error of approximation (RM-SEA) < 0.08) [36] ; the difference between configural and metric models in CFI should not exceed 0.05 and 0.010 in RMSEA; and the difference between metric and scalar models in CFI should not exceed 0.05 and 0.010 in RMSEA. However, Chen [35] developed those criteria using continuous data and maximum likelihood estimation, which is not applicable to our categorical data. Moreover, Muthén [37] recommends omitting the metric model when measuring invariance analysis with ordered categorical data direct analysis from the configural to the scalar model; thus we treated those recommendations rather as pointers in interpretation. In all our analyses, we used polychoric correlation matrices and used weighted least squares with means and variances adjusted estimation to reflect the categorical character of our data [38] using Mplus v. 7.2 [39] .
RESULTS
Firstly, we assessed whether the three-factor model fits the data well independently in the compared samples using CFA, the results of which (including the correlations between latent variables) are presented in Figure 1 . The tested models are well fitted to the data; ΔCFI do not exceed and ΔRMSEA slightly exceeds Chen's [35] recommendations. Therefore, one can conclude that the structure of the TFEQ is invariant across differentiated weight groups at the scalar level and the latent mean scores can be compared. Differences in latent mean scores of the TFEQ factors are presented in Table 4 . Among the three analyzed latent means, obese individuals scored significantly higher than individuals within the normal weight range on uncontrolled eating and emotional eating. There were no differences in cognitive restraint.
Although assessment of differences between latent means is more meaningful than between summarized scores, we also tested the strict measurement invariance model, where all residual variances were held equal across compared groups. The strict model was well fitted to the data (χ Because the three-factor structure was confirmed in both groups, we ran the MGCFA (Table 3) .
ple the three-factor structure across individuals within the normal weight range and those in the obese range is invariant at the strict level.
DISCUSSION
Our findings generally disagree with existing literature which argues that cognitive restraint related to eating is more likely to be higher in individuals with obesity than in those within normal weight range [4, 16] , as we did not find any differences in cognitive restraint between obese and normal weight groups. Other research [40] shows that in overweight individuals stronger cognitive restraint is positively associated with lower BMI (this is related to reduction of food intake), and the group with normal body weight has the opposite tendency (this is related to an increased risk of bingeing).
The results of the current study may be additionally explained in the context of age and education [41] . In females, the higher the degree of flexible restrictions on eating, the lower the body fat and waist circumference [18] . Cognitive restraint is positively associated with BMI in individuals with normal body weight (this relationship is not found in overweight people) [42] . High BMI is an important predictor of increased restriction eating [42] , as is education (lower level of education is associated with weaker tendency towards dietary restrictions) and age (the level of restrictions increases with age) [41] . Another explanation for the level of cognitive restraint can be exercise and profession, because some professions are associated with food intake and body weight control (e.g. athletes, models) [42] [43] [44] .
Our results revealed differences (p = 0.053) in emotional eating between females within the normal weight range and those with obesity. These results have also been reported in previous studies [4] , but other studies produced results inconsistent with these findings [16] . Studies have shown that the level of emotional eating depend on age and level of education [42] . With better education and younger age, the tendency towards emotional eating increases [41] . It can therefore be concluded that differences between the results obtained in the current and other studies are due to socio-demographic differences between samples.
Another explanation for our results may be the internal-external theory of hunger [45, 46] . Individuals with obesity tend to respond to external cues of hunger (e.g. time elapsed since the last meal, visual availability of food), whereas nonobese people tend to respond more to internal cues of hunger (e.g. stomach contractions, glucose/fat levels) [45, 46] . This theory is associated with the term 'external eating', which is defined as eating in response to the visual availability, smell and taste of food (regardless of the association with hunger-satiety) [7, 46] . On the one hand, the tendency to eat in response to external stimuli is considered adaptive, because it refers to human survival in times of food shortages [47, 48] . On the other hand, external eating promotes overeating in response to external food cues [49, 50] . Longitudinal research shows that in individuals with obesity, emotional eating and external eating moderate the relationship between BMI and binge eating disorder [26] .
We have provided evidence that individuals within normal weight range differ from the obese group only in uncontrolled eating. These results are consistent with a previous study [17] . In contrast, results obtained by Anglé et al. [4] and Jáuregui-Lobera et al. [16] are inconsistent. Provencher et al. [18] reported that in women and men with obesity, disinhibited eating and the susceptibility to hunger are higher than in normal weight and overweight individuals.
Obesity is associated with low interoceptive awareness, which coexists with difficulties in the identification, processing and regulation of the emotional state [51] [52] [53] . In addition, obesity signifies non-adaptive coping strategies and the regulation of emotional state through food [54] . There is a high probability that due to strong stigmatization and alienation, individuals with obesity are faced with negative emotions and cope by engaging in (emotional) eating [55] [56] [57] [58] . Determinants of BMI can also be configured in various styles of eating: cognitive restraint (vs. unrestrained), uncontrolled eating (vs. controlled) and emotional eating (vs. unemotional) [30, 59, 60] .
All of the observed ambiguities between the results of current and other studies may be explained in terms of controlling the measurement bias. Establishing measurement invariance is essential for meaningful group comparisons [61] . Without strict invariance, researchers who compare the summarized scores do not control whether they compare respondents' true scores or error variances. Thus, one may doubt such analyses. The current study is the first to take into account existing error variance in the assessment of differences between individuals within normal weight range and the obese with regard to eating behaviors.
In conclusion, in addition to the above explanations for the differences between the current and past studies, there may be an overriding problem that determines the existing styles of eating and determines their level of intensity and adaptability. The core of the problem can be the level of emotional dysregulation [60, 62] . People with high emotional awareness are more likely to modulate their emotions more adaptively without turning to food. However, individuals with low emotional regulation skills will very often use food to cope with stress and negative emotions. In this sense, any style of eating can serve to regulate mood [63, 64] . Then, if a person breaks food restrictions, has the episodes of uncontrollable eating or eats emotionally, the resulting guilty feelings will make them try to reduce negative emotions by re-engaging with these eating styles [64] .
LIMITATIONS
Certain limitations should be highlighted. Firstly, the relatively small sample size of the obesity group may hinder the generalizability of the current results. Secondly, the size of the two samples is unequal (200 vs. 37). Thirdly, no information was gathered about the participants' mental and somatic illnesses, which may have led to potential differences between normal weight and obese adults. Fourthly, the model in the obese group was rather poorly fitted to the data, as suggested by RMSEA. This was most probably due to the small sample size, resulting in a low power of the tested model (as the value of RM-SEA is a quotient of the root of the difference between χ 2 and the number of degrees of freedom, with the root of the product between χ
